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Changes  in  lung  air-way  resistance  to  flow  in  men  exposed  by  inhalat- 
ion to  GB  vapour  have  been  estimated.  Measumble  iixsreases  resulted  free  the 
administration  of  doses  larger  than  1.C  microgram  per  5«g. 

In  nearly  every  case,  the  increase  was  maximal  immediately  after  gas- 
sing and  then  diminished  fairly  rapidly  in  an  e:qp«jnential  laanner,  Hie  degree 
of  the  affect  appesxed  to  depend  on  the  dose  and  the  concentration  of  the 
inhaled  GB  vapour. 
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Head,  flyslolo^  Seotloiu 
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Si^t. , Research  Divisioxu 
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AIR-WAy  RBSIStr  CKANOBS  in  tiSN  BEPOSEa)  TO  GB  VAIOaR 

by 

M.  Ainsrorth  toid  J.ff.  BveleiA 


INTROIXJCTION 

The  failure  of  respiration  in  poisoning  by  Ihe  nerve  gases  is  a 
result  of  iuterforenco  by  these  agents  with  nearly  all  the  mechaniEms  which 
nomally  fom  a oo-crdimted.  ventiXating  i^stenu  Diua  near  critioal  doses 
nay  produce  inhibition  of  the  reapii^toxy  centres,  impaired  functioning  of 
the  respiratory  muscles,  increased  secretions  in  the  air-isays,  and  narrowing 
of  the  aii^wys.  Hie  last  two  effaots  are  of  oonsiilerable  ioportanoe  if 
they  offer  an  appreciable  noctonical  obstiwtion  to  air-flow  in  the  lungs 
for,  in  addition  to  contributing  to  early  respiratory  failure,  they  may 
isipede  efforts  to  maintain  adequate  treaitilation  by  artificial  means. 

Efforts  to  assess  tlae  degroe  of  bronchial  obstruction  produced  in 
hunans  by  smxll  doses  of  CB  laave  led  to  soaewhat  vague  results.  Cooper 
and  Moloney  (l),  estimating  tlxe  effect  1:y  the  MaximuD  Breathing  Capacity 
test,  reported  a significant  fall  in  UBC  with  dosages  (Ct. ) \q>  to  6 mg.min./ 
vr%  Clements  and  his  oo-v/ozicers  (2)  however,  as  a result  of  measurements 
usir^  tiie  method  of  Otis  and  Frootor  (3),  oonoluded  that  the  incroase  in 
air-;my  resistance  witli  those  low  dosages  was  insignif leant.  Further  work  (4), 
in  which  the  HBC  test  v/as  aaployod,  failed  to  sliow  definite  ei^enco  of 
bronchial  obstruction  with  larger  dosages  (\;g>  to  20  mg.Din*/nr),  althou^ 
there  was  a trend  in  the  data  towards  a reduction  in  U3C.  More  recent 
wozk  (5)  also  failed  to  gain  evidence  of  bronchial  obstruction* 

The  experimental  results  presented  in  this  paper  show  that,  in 
hunans,  the  inhalation  of  noro  tlian  1*0  mior^^grED^cg.  of  GB  inereeses  the 
lung  i^distanco  to  flow,  the  effect  being  of  a transient  nature,  and 
maximal  imned.iately  after  absorption  of  the  dose. 

MBTFIPS 


1.  Gassing 

The  use  of  Ct.  as  a naasxn'e  of  the  dose  was  avoided  for  reasons  of 
precision  and  safety.  Measuranunts  of  the  G3  vapour  ooixsontrations 
and  the  volumes  of  air  respired  allowed  more  satlafaotozy  estimates 
to  bo  na.de  of  the  doses  in  teztos  of  the  mass  of  CB  absorbed*  Doses 
frm  0*6  - 3*0  microgranus^/kg*  wore  administered*  The  apparatus 
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described  by  Childs  et  al  (S)  was  employed  in  most  of  the  e3Q>eriDient3.  The 
subject  inhaled  orally  frm  a two-way  valve  i^stem,  the  volume  of  the  expired 
air  being  measured  with  a dir  act- indicating  spironeter,  A two-way  tap 
connected  the  subject  either  to  fresh  air  or  to  a 1CX)  dk  chamber  in  which  the 
GB  concentration  was  maintained.  The  retention  of  GB  vapour  inhaled  orally 
has  been  estimated  to  be  approximately  859S  (?)>  and  a ooirecjtion  by  this 
factor  was  made  in  calculating  the  dose.  In  some  experiments,  the  device 
shown  in  Pig,  3 was  used.  To  chaise  the  system,  the  main  tube  A of  about 
500  CO,  in  volrme  was  evaomted  to  about  0,01  mm,  Hg,  The  required  dose  of 
pure  ® was  dropped  into  a side  vapouriaer  tube  B usiiig  a recent  development 
pf  a mioroburette  prerviously  described  (8),  The  space  volume  of  the  vapour- 
iser  txibe  was  as  small  as  possible  (about  1*0  co,)  and  the  tube  was  enclosed 
by  a "basket"  heater  of  niehrcme  wires  capable  of  dissipating  30  - watts. 

The  tap  between  tubes  A and  B was  opened  and  the  heater  switched  on.  The 
internal  surface  tempjerature  of  the  vapouriser  tube  rose  to  about  60*^. 
within  a few  seconds,  and  the  GB  had  evaporated  in  this  time.  Bry  air  was 
then  admitted  by  opeciig  tap  T-) , The  subject,  wearing  a nose-clip,  exhaled 
fully  aid  then  inhaled  orally  fron  tube  C,  taps  T2  and  T3  having  been  opered. 

The  inhaled  volume  was  usually  mjre  than  two  litres,  and  testa  with  a aenhaaloal 
system  punning  this  volune  of  air  throu^  the  apparatus  gave  recoveries  of 
85  - 10^  of  the  amount  of  G3  evaporated, 

2,  Lung  Resistance 

Changes  in  lung  resistance  to  air-flow  wre  estimated  using  a resis- 
tanoe-intem^ter  method  (9)*  and  the  electronic  instrument  already  described 
(10),  Values  of  air-way  resistance  for  each  individual  are  expressed  in 
terms  of  the  control  value  obtained  before  the  experiment, 
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With  few  exceptions  in  more  than  sixty  subjects,  the  air-way  resis- 
taase  to  flow  increased  appreciably  after  the  irtialation  of  the  GB  vapour. 
Table  1 shows  the  results  of  e^^riments  in  which,  with  the  exertion  of 
the  first  grotq),  tests  were  carried  out  10  - 15  minutes  after  gassing.  The 
mean  values  appear  to  show  scos  correlation  between  dose  and  inox'ease  in 
lung  resistance.  The  anallest  doses  (first  group)  in  these  ejqjeriiaents, 
however,  produced  effects  vhich  seemed  disproportionately  large,  but,  as 
will  be  shown,  this  apparent  discrepancy  was  probably  duo  to  the  difference 
in  timing  of  the  tests.  In  most  oases,  inhibition  of  the  blood  Ch  S was 
estimated,  the  results  being  included  In  Table  1 . 
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TABLE  1 


IH3  IMDRB.;SB  11^  AIR-VAY  HBStaTANCE  K)II£>'^NG_.SagosirqB  qx)  G3  VA 


e^qierinents  in  lineh 

Table  2 shows  the  results  of  furtl^  ffusiae» 

of  alz«msy  resistanoe  were  rnsde  at  varaoU'^ 
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Tho  variation  of  Iviiw  air-way  resistance  with  tiiae  after  inhalation  of  GB  va.] 
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I:-'  asarly  &very  case,  the  ostir.ated  air— ,tc'V  rosistaiico  inoreasfA^  jo 
a peR.k  value  imiisdiAtoly  after  gassing.  The  r<rsis^ance  then  diminish^ 
fairly  rapidly,  in  scane  instances  approaching  the  ccntrol  value  with"’.  . 

15  - ,}0  minutes.  The  time  taken,  for  t’ne  resistance  vrluo  to  retur>  c 
noxmai.  donended  on  the  degree  of  the  initial  effect.  I.'i  a few  cc;a  - an 
effect-  '.ms  neasxamble  for  more  than  24  hours. 

The  subjective  gyi!5>tcns  were  described  in  a variety  ' /s.  Most 
siibjects,  however,  reported  a transient  "tif^tness  in  the  c"  together 

with  a inor'o  persistent  "chestiness"  sonetimos  described  a;;  eg  "a  bit 
harder  to  breathe".  Those  symptoms  occurrfrd  during  or  hrer;-';'  atel’v  after 
inhalliv.  the  GB,  and  it  was  clear  in  same  cases  that  the  --  jii'atc._y  flow 
rates  at'iainabls  were  rouLtr-eil,  This  vms  imicated  by  the  ^ov/ered  pressure 
difi"arent:.als  in  the  external  resistance  to  flow.  For  •'  .linute  or  so  after 
jpasing  these  subjects,  in  spite  of  repeated  requests  are  unable  tc;  ei,-hale 
with  flow  rates  as  hl^  as  in  the  control  tests, 

Thr  da '-.a  in  Table  2 '.vere  broa-dT^--  a>;2.1y;iod  iu  w./o  ways.  Fig,1  s'nows 
the  variation  of  average  lung  air-way  resistance  vri.th  tine  after  gassing 
for  selected  groups  in  vrtoioh  the  individuals  received  about  the  same  dose. 
Pig.  2 shows  a similar  plot  of  data  for  groups  in  which  the  individuals  were 
e*jiposed  to  the  same  concentration,  Althougli  oonplioated  by  the  variation 
in  average  concentration  from  grov^)  to  group,  Pig,1  appe.ars  to  indicate 
that  the  effect  depended  to  some  extent  on  the  dose.  Pig,  2 ^ows  that  the 
magnitude  of  the  effect  was  also  dependant  on  the  concentration  of  the 
vapour  inhaled, 

DI3CPSSI0N 

The  es^eriments  described  have  shown  that  an  inhaled  dose  of  GB 
vapour  greater  than  1 ,0  micrognaVieg,  and  at  a concentration  higher  than 
5 mg,^n^roduoes  a measurable  increase  in  lung  air-my  resistance.  Such 
a dose  corresponds  to  a resting  exposxire  to  a dosage  (Ct, ) greater  than 
10  mg.min./n-^  (t  < 2 min,).  The  maximum  increase  in  lung  resistance 
occurred  almost  immediately  sifter  inhalation  of  the  G3,  Tlds  finding 
contrasts  with  that  of  Cooper  soxl  UsuLon^  (1)  n^se  experiments  indicated 
that  the  maximum  degree  of  aii-vray  obstruction  occurred  from  15  minutes 
to  2 hours  after  jessing. 

In  a few  oases,  the  lung  resistance  to  flow  increased  for  some 
minutes  to  sis  much  sis  three  to  four  times  the  nonaal  value  \7xthout  causing 
any  significant  ro^iratoiy  ecibarraaanent.  The  respiratory  reser-ze  is 
normally  large,  and  Conroe, (II)  has  already  pointed  out  tiaat  a substantial 
resistanoe  to  air-flow  in  the  lungs  oan  be  tolerated  in  otherwise  normal 
subjeots.  With  Isurger  doses  of  03  however,  other  factors  which  reduce 
the  available  respiratory  effort  would  tend  to  make  an  air-way  obstruction 
less  tolerable. 

The  symptom  described  "hy  the  subjects  sis  "ohest  tigiitness"  or  "a 
bit  harder  to  breathe"  seemed  to  follow  the  air-way  obstruction  in 
degree,  host  subjeots  said  that  the  effect  was  most  ndticuable  Inmed- 
iately  after  gassing,  and  that  it  had  disappeared  or  was  considers  •lly 
diiniJdnhed  after  15-30  minutes.  Nevertheless,  acme  siibjsots  aubseq:- 
uently  olaimsd  to  have  eagperinnoed  oooasional  "ohestinoss"  over  24  hews. 
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■L«  B<ipoa.ted  tests  on  a few  noimal 

in  lung  resistance  requiring  even 

ippeare<i  to  deptvnd  on  the  dose  and 
rapour,  Liniited  experiments  were 
raiige,  the  appairatus  shown  in  Pig«3 
^kg.  were  administorfid  to  five  sub- 
n 5 “•  8 ssoonds.  Tht:  a.^-irage  value 
i in  ter.nis  ox  rhe  norosal  resistance 
..fia  i,7«j  - jji.taase  '.vas  theiefore  siightiy  snaller 

than  that  found  with  concentrations  frcK  30  - mg./m3  and  3;im.ilar  doses, 
concenti-a tion  ot’  G3  in  the  apparatus  tvis  about  200  mg,/m^  but  it  was 
undoubtodly  nxch  reduced  when  mixed  -.vith  the  ’'olume  of  air  inhaled  (more 
than  2 litres). 

The  transient  nat-ore  of  the  aii>way  obstiuetion  seemed  to  indicate 
a local  effect  foilooed  uj  oixTjuiatoi;>  cicarerx.'c  ".ct’ve  “.gent. 

Blood  clearance  of  various  agents  has  been  shown  (12)>  (13)  to  be  a first 
order  process,  and  the  reduction  of  air-wiy  resistance  after  gassing 
roughljr  followed  such  a relation  v/ith  tine.  It  is  therefore  of  some 
interest,  specially  from  the  aspect  of  extrapolation  from  the  present 
results,  to  consider  the  situation  viiere  the  active  agent  is  appeai’ing  in 
tissues  at  a constant  latc  and  is  being  removed  at  a rate  roportional  to 
the  amotint  of  agent  present.  Suppose  the  rate  of  appearance  of  the  active 
agent  is  aCV,  ■viiere 

a = constant, 

C = concentration  of  inhaled  vapour, 

V = voline  of  air  respired  in  unit  time,  and  let 

k = ejqjonential  clearance  constemt,  and 

E = amount  of  agent  present  in  the  tissues  at  the  tine  t. 


= aCV  - kE 


B s aCV  (1  - e“^) 

k 


or,  if  the  dose  absorbed  xn  a time  ^ is  represented  by 


E = ag  (1  - e"'*) 
kt 


These  relations  are  represented  graphically  in  Pigs,4  rd  3,  In 
Pig. if  the  relative  -amotUit  of  active  agent  in  the  tissues  (E)  xs  related 
to  the  time  of  exposure  (i.e.  dose),  tlxa  inhaled  conoentra.tic, • and  ttie 
respiratozy  voluroe  beij-ig  assumed  constant.  In  Fig.5  the  cotal  dose  is 
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oonstant  and  3 is  relai 
OGiioentration  inhaled) » 

It  is  seen  (Fig, 
with  increasing  time  o.l 
Fig,5  indicates  that  t*j 
oonoentration  rises, 
stant  for  further  ini:;re 
although  baaed  on  an  el 
not  conflict  vdith  the  p: 
further  asaieriments. 


u/jhe/gc. 


to  the  rate  of  absorption  of  tte  dose  (i.e.  to  the 


4)  tiiat  at  a oonstant  inhaled  concentration,  3 rises 
eojDosure,  but  at  a progressively  daorcaS 

‘ ^ approa^es  a value  vAiioh  i-enains  almost  oon- 
^aea  in  concentration.  These  qualitative  results. 
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FIG.  I . VARIATION  IN  AIR -WAY  RESISTANCE  AFTER  INHALATION 

OF  G.B.  VAPOUR  . 
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